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© Monitoring apparatus. 

@ Apparatus for monitoring the dielectric composition of 
articles, particularly articles such as biisterpacks and laminated 
boards. The apparatus comprises an amplifying circuit including 
a capacitor between the electrodes (1 t 3) of which an article 
(22) Is moved In use. The gain of the amplifying circuit varies 
with the capacitance of the capacitor so that the amplifying 
circuit provides an output signal, the peak value of the output 
signal varying with the dielectric constant of the article (22) 
between the capacitor electrodes (1, 3) . Typically the 
amplifying circuit Includes an operational amplifier (9) the 
non-inverting Input (10) of which Is connected to a ground 
potential (6) and the inverting input (8) is connected to one 
electrode (3) of the capacitor. A feedback loop (11) is applied 
between the output (14) of the operational amplifier (9) and the 
inverting input (8) of the operational amplifier to force the 
Inverting input to the same potential as the non-inverting Input. 
Typically an oscillating signal source (5) is connected to the 
other electrode (1) of the capacitor. 


Fig. I 
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Des ripti n 

MONITORING APPARATUS 


This invention relates to monitoring apparatus and 
in particular apparatus for monitoring the dielectric 
constant of an article. 5 

Previous methods of monitoring the dielectric 
composition of an article have measured changes in 
capacitance of a capacitor as the dielectric constant 
between the capacitor electrodes changes. In order 
to measure the changes in capacitance these 10 
previous methods have used complex a.c. bridge 
circuits. This method of monitoring the dielectric 
constant results in equipment which is complicated 
to use and which is suspectible to stray capacitan- 
ces. An example of such a method is described in 15 
GB-A-2148498. 

In accordance with the present invention we 
provide monitoring apparatus which comprises an 
amplifying circuit including a capacitor between the 
electrodes of which an article Is moved in use and in 20 
which the gain of the amplifying circuit varies with 
the capacitance of the capacitor so that the peak 
value of the output signal of the amplifying circuit 
varies with the dielectric constant of the article 
between the capacitor electrodes. 25 

In the preferred arrangement we use a simple 
amplifying circuit including for example an oper- 
ational amplifier with one of the inputs at a constant 
electrical potential and the other input connected to 
one electrode of the capacitor so that changes in 30 
dielectric constant between the capacitor plates 
affect the gain of the amplifier. The peak output 
values from the amplifier are found to vary with the 
dielectric constant between the capacitor elec- 
trodes and as one input of the operational amplifier 35 
is kept at a constant potential stray capacitances 
have minimal effect on the output signals from the 
amplifiers. 

Preferably, the amplifying circuit includes an 
operational amplifier with the non-inverting input 40 
connected to a constant electrical ground potential 
and the inverting input connected to one electrode 
of the capacitor. Typically a feedback loop is present 
between the operational amplifier output and the 
inverting input. This has the effect of forcing the 45 
inverting input to the same potential as the non-in- 
verting input, usually ground. 

The advantage of using this technique is that the 
capacitor electrode connected to the inverting input 
remains at a constant potential and therefore the 50 
electric field between the capacitor plates remains 
substantially constant. 

In addition a guard electrode would typically 
surround the capacitor electrode connected to the 
inverting input and would be maintained at substan- 55 
tially the same constant potential. This has the 
advantage of helping to maintain a substantially 
uniform electric field over the area of the article 
being monitored. 

Typically an oscillating voltage signal is applied to 60 
the capacitor electrode not connected to the 
operational amplifier. 

Preferably, a peak detecting circuit is also pro- 


vided which receives the output signals from the 
amplifying circuit and outputs the peak values of the 
signals received from the amplifying circuit. 

In one embodiment a plurality of amplifying 
circuits and peak detector circuits are provided, the 
respective capacitors being positioned in a line 
transverse to the direction of movement of an article 
in use, the apparatus further comprising a multi- 
plexer to which output signals from the peak 
detector circuits are sent. Typically the multiplexer 
will then feed each signal In turn to a processing unit 
and after processing the signals are displayed. 

Although it would be possible to provide a 
compensation device if amplifying circuits with 
different gains were used each amplifying circuit 
preferably has substantially the same gain when the 
capacitance of each of the respective capacitors is 
substantially equal. 

In addition, the constant electric potential applied 
to each amplifying circuit is preferably substantially 
equal for each circuit. This creates a substantially 
uniform electric field of the same value between the 
electrodes of each capacitor. 

Where a number of amplifying circuits are used, 
one electrode of each capacitor may be provided by 
a common plate. 

In a second embodiment one amplifying circuit is 
provided which scans across the article producing 
signals which are then sequentially fed directly to the 
processing unit before being displayed. 

If the article comprises a metallic layer then 
preferably one of the capacitor plates is provided by 
the metallic layer of the article. 

In any of the embodiments one electrode of the 
capacitor could be formed from a matrix of eiectrode 
pads connected electrically and configured to the 
shape of the article to be detected. 

The monitoring techniques and apparatus de- 
scribed above are particularly advantageous when 
monitoring the composition of articles where the 
thickness of the article is of the same order as the 
required resolution. This is typically of about 1mm to 
5mm. 

Three examples of monitoring apparatus in ac- 
cordance with the present invention will now be 
described with reference to the accompanying 
drawings, in which :- 

Figure 1 is a schematic perspective view of a 
first example of the apparatus; 

Figure 2 Is a schematic diagram of the 
processing and display apparatus used in 
conjunction with the apparatus shown in Figure 
1; 

Figure 3 is a circuit diagram of the apparatus 
shown in Figure 1 ; 

Figure 4 is a schematic perspective view of a 
second example of the apparatus; 

Figure 5 is a schematic side view of a third 
example of the apparatus; and, 

Figure 6 is a schematic perspective view of a 
configured electrode for use with any of the 
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examples. 

The apparatus shown in Figure 1 comprises a 
continuous electrode 1 and an electrode assembly 2 
which Includes a number of sensing electrodes 3 
and a guard electrode 4. The electrodes 1 and 2 are 
arranged so that their planar surfaces are parallel to 
each other. Thus each sensing electrode 3 in effect 
forms a capacitor with the continuous electrode 1. 
An oscillating voltage signal (typically 10V peak to 
peak) is applied to the continuous electrode 1 by an 
oscillating voltage source 5 so that the whole of the 
electrode 1 is at a uniform potential at any instant in 
time. The guard electrode 4 on the electrode 2 is 
kept at a constant potential, which can be conveni- 
ently achieved by connecting it to an electrical 
ground potential 6 as shown in the circuit diagram of 
Figure 3. 

The sensing electrodes 3 are electrically isolated 
from the guard electrode 4 by an electrically 
insulating material 7. Each sensing electrode 3 is 
electrically connected to the inverting input 8 of a 
respective operational amplifier 9 as shown in 
Figure 3 and the non-inverting input 10 of the 
operational amplifier 9 is electrically connected to 
the ground potential 6. A feedback loop 1 1 1 including 
a resistor 12 (typically 10Mfi) and a capacitor 13 
(typically pF) connected in parallel, is connected 
between the output 14 of the operational amplifier 9 
and the inverting input 8. This feedback loop has the 
effect of forcing the inverting and the non-inverting 
inputs 8, 10 to the same potential and as the 
non-inverting input is at ground potential, the 
inverting input is also at ground potential. Thus the 
sensing electrodes 3 are all effectively at ground 
potential. 

Because the guard electrode 4 and the sensing 
electrodes 3 are all at the same potential (ie.ground), 
a uniform electric field is created between the 
electrodes 1,2. 

The outputs 14 of the amplifiers 9 are each 
connected to respective peak detectors 15 which in 
turn are connected to respective sample and hold 
circuits 17. 

The outputs 18 from the sample and hold circuits 
17 are each connected to a con on multiplexer 19 
(Figure 2) which is in turn connected to an analogue 
to digital converter 20. The analogue to digital 
converter 20 is connected to a processing unit or 
computer 21 and a display 24. 

In use an article 22, in this example a blisterpack 
containing pills is passed between the electrodes 1, 
2. The capacitance between the sensors 3 and the 
electrode 1 is dependent on the dielectric constant 
of the article between the sensors 3 and the 
electrode 1, and therefore changes as the blister- 
pack passes through the electrodes 1 , 2 due to the 
presence or absence of pills within the blisterpack 
pockets. As an oscillating voltage signal is applied to 
the electrode 1 a corresponding capacitance signal 
Is induced on each sensing electrode 3, and this 
signal is representative of the dielectric constant 
between each sensing electrode 3 and the electrode 
1 . The peak value of the output signal 14 from each 
amplifier 9 varies directly with the dielectric constant 
between the sensing electrode 3 to which it is 


connected and the electrode 1. 

The output signal 14 is then fed to the peak 
detector 15 which senses the maximum of the 
output signal 14 at regular intervals and provides a 

5 corresponding maximum value output signal 16 
which varies directly with the dielectric constant of 
the article. The output signal 16 from the peak 
detector 15 is then fed via the sample and hold 
circuit 17 to the multiplexer 19. The output 23 of the 

10 multiplexer 19 is continuously cycled through all of 
the outputs 18 from the sample and hold circuits 17 
and this output 23 is then fed to the analogue to 
digital converter 20. The analogue to digital conver- 
ter 20 converts the analogue peak voltage signals to 

15 digital signals and then feeds these digital signals to 
the processing unit 21. The cycling of the multiplexer 
inputs is duplicated by the raster display on the 
monitor 24 which then displays an image of the 
variation in dielectric constant as the blisterpack is 

20 moved between the electrodes 1, 3. 

As the signal from any one of the electrodes 3 will 
contain signal contributions not only from the 
material directly underneath that electrode but also 
from material under adjacent electrodes a resulting 

25 image produced from these signals could be 
blurred. In order to remove this blurring of the image 
a deconvolution operation is performed on the 
signals by the processing unit 21. The process of 
deconvolution is well known in digital image pro- 

30 cessing and only a brief description of the procedure 
is given below. A detailed description of the 
procedure can be found in n Fourier Transforms and 
their Physical Applications" by D.C.Champeney and 
published by Academic Press. 

35 An image of a single small column of dielectric 
material can be denoted generally by the function 
h(g t k). If a distribution of dielectric material is d(j,k) 
then the image of the distribution will be i(j,k) where 
KJ.k) « h(j,k) * d(j,k) and ""denotes the well known 

40 convolution operation. To produce an image with 
reduced blur we need to solve the above equation 
for dQ.k) the actual, nonblurred, representation of 
the distribution of dielectric. This can be done as 
follows, by first taking the fourier transform of both 

45 sides of the above equation. Thus i(j,k) = hfl.k) * 
d(j,k) becomes l(u,v) H(u,v) D(u,v) where u and v 
are angular spatial frequencies. Therefore 
D(u,v) = l(u,v)/H(u,v). By taking the inverse fourier 
transform of this equation we get d(J,k) = i(J,k) * 

50 F" 1 (1/H(u,v)) where F~ 1 denotes the inverse fourier 
transform. F" 1 (1/H(u,v)) is a two dimensional func- 
tion which can be denoted as f(j,k). 

Thus the required unblurred function d(j,k) is 
given by the following expression d(],k) = i(j,k) * 

55 f(j,k) where f(j,k) = F"i(1/H(u ( v)). 

After this process of deconvolution has been 
carried out on the blurred image to produce a 
nonblurred image the nonblurred image of the article 
22 Is displayed on a screen 24. An operator can then 

60 determine from the displayed Image whether there 
are any broken or missing pills in the blisterpack. 

The apparatus shown in Figure 4 operates on the 
same principles as the apparatus shown in Figure 1 
the difference between the two examples being that 

65 in Figure 4 only a single sensing eiectrode 3 is used 
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instead of a number of sensing electrodes 3. 
Therefore there is only one amplifier 9, one peak 
detector 15 and one sample and hold circuit 17. Thus 
the output 18 from the sample and hold circuit 17 
can be connected directly to the analogue to digital 
converter 20 without the use of a multiplexer 19. In 
use an oscillating voltage signal is applied by the 
oscillator 5 to the continuous electrode 1 as before 
and an article 22 is passed between the continuous 
electrode 1 and the sensing electrode 3. As the 
article 22 passes between the two electrodes 1, 3 
the sensing electrode 3 is scanned backwards and 
forwards across the article 22 to produce output 
signals which are representative of the dielectric 
constant of the article and these are then processed 
using the deconvolution procedure in the process- 
ing unit 21 and imaged on the screen 24 as before. 

The apparatus shown in Figure 5 can be used with 
either the apparatus In Figure 4 or the apparatus in 
Figure 1. In this example the article 22 is again a 
blisterpack but this time with a metallic backing foil 
25. Because the metallic backing foil 25 is a 
conductor a potential applied to the continuous 
electrode 1 would be screened from the sensing 
electrode 3 by the backing foil 25. Hence the 
oscillating voltage must be applied to the backing foil 
25 of the blisterpack 22. Thus the backing foil 25 acts 
as the continuous electrode 1 . The voltage applied to 
the foil 25 would typically be 10 volts peak to peak 
and as the foil would be grounded to earth via a 10 
ohm resistor 26 there would be no danger of 
electrocution while using this apparatus. The ampli- 
fier 9 and the other components of the detecting 
apparatus are identical to that used in the apparatus 
shown in Figures 1 and 4. 

In Figure 6 the electrode 3 is a configured 
electrode which comprises a matrix of individual 
sensing pads 31 which form part of a sensing head 
34. Each sensing pad 31 which forms part of the 
configured electrode 3 is electrically connected to 
its neighbours by a connection 32. The guard 
electrode 4 in this example also comprises a number 
of individual sensing pads 31 on the sensing head 34 
which are again electrically connected to each other 
by means of connections 32. None of the connec- 
tions 32 connect the sensing pads 31 of the guard 
electrode 4 to the sensing pads 31 of the configured 
electrode 3. Hence, the configured electrode 3 is 
electrically Isolated from the guard electrode 4. 

In the example shown In Figure 6, the guard 
electrode 4 comprises the cross hatched pads, that 
is the four sensing pads 31 at each corner of the 
sensing head 34 and the peripheral pads of the 
sensing head 34, between the four pads of each 
corner of the sensing head 34. The configured 
electrode 3 is formed from the remainder of the pads 
31, that Is all the pads 31 except for the cross 
hatched pads, which are the four pads at each 
corner and the pads which form the periphery of the 
sensing head 34. 

Preferably, the connections 32 are removable so 
that the configuration. of the configured electrode 3 
may be modified to suit a particular application. The 
configured electrode 3 could be configured to the 
same shape as the article 22 to be monitored by 


positioning the connections 32 appropriately. 

Alternatively, the electrode 3 could be configured 
so as to be narrower than the article 22 in the 
direction of the third of the article 22 but have the 
5 same width as the article 22 in the direction 
perpendicular to the direction of the third. This would 
give better resolution oi the articles 22 by the 
apparatus. 

With these types of configured electrode it is only 

10 necessary to have one amplifier 9, one peak detector 
15 and one sample and hold circuit 17 for each 
configured electrode 3. However, there could be 
more than one configured electrode 3. Where it is 
necessary to have a large sensing electrode it is 

15 possible to assemble a number of heads 34 in order 
to obtain a single configured electrode 3. 

The type of configured electrode shown In 
Figure 6 is particularly suitable for the detection of 
large multiple products such as biscuits in packs. 

20 The advantages of using this apparatus and in 
particular the sensing circuit and amplifying circuit 
shown in Figure 3 are that because the sensing 
electrodes 3 are all held at the same potential stray 
capacitances which may be present nearby do not 

25 affect the sensitivity or resolution of the apparatus. 
In addition this circuit is found to be very accurate 
and capable of detecting differences in capacitance 
of the order of 10 -3 pF when the average capacit- 
ance present is of the order 10*2 P F. The surface 

30 area of the sensing electrodes 3 is typically .04 cm 2 
and this will give a resolution of 2mm when the top 
surface of the article is 2 mm from the sensing 
electrodes 3 and the thickness of the article is of the 
same order as the resolution. As the resolution of 

35 the article 22 decreases as the article moves further 
away from the sensing electrodes 3 the apparatus 
and circuit described here are also capable of 
monitoring the surface topology of an article. 
Although the article 22 in the three examples was 

40 a blisterpack, the apparatus may also be used for 
monitoring laminated board for bonding problems 
and reading digitised bar codes. 


45 

Claims 


1. Monitoring apparatus comprising an ampli- 
50 tying circuit including a capacitor between the 

electrodes (1, 3) of which an article (22) is 
moved in use and In which the gain of the 
amplifying circuit varies with the capacitance of 
the capacitor so that the peak value of the 
55 output signal of the amplifying circuit varies with 

the dielectric constant of the article (22) 
between the capacitor electrodes (1 , 3). 

2. Apparatus according to claim 1, wherein 
the amplifying circuit further comprises an 

60 operational amplifier (9) with the non-inverting 

input (10) of the operational amplifier (9) 
connected to a constant electrical potential (6) 
and the inverting input (8) connected to one 
electrode (3) of the capacitor. 

65 3. Monitoring apparatus according to claim 2. 
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wherein the constant electrical potential (6) is 
ground potential. 

4. Apparatus according to claim 2 or claim 3, 
wherein the electrode (1) of the capacitor not 
connected to the inverting input (8) of the 5 
operational amplifier (9) is connected to an 
oscillating signal source (5). 

5. Apparatus according to claim 4, wherein 
the capacitor electrode (1) connected to the 
oscillating signal source (5) comprises a con- 10 
ducting layer (25) formed on the opposite side 

of the article (22) from the other capacitor 
electrode (3). 

6. Apparatus according to any of claims 2 to 

5, further comprising a feedback loop (11) 15 
connected between the output (14) of the 
operational amplifier (9) and the inverting input 
(8) of the operational amplifier (9) whereby the 
inverting input (8) is forced to substantially the 
same potential as the constant electrical poten- so 
tlal (6). 

7. Apparatus according to any of the preced- 
ing claims, further comprising a peak detecting 
circuit (15) which receives output signals from 

the amplifying circuit and outputs the peak 25 
values of the signals received from the ampli- 
fying circuit. 

8. Apparatus according to any of the preced- 
ing claims, further comprising a processing unit 

(21) for processing output signals from the 30 
amplifying circuit and a display device (24) to 
display the signals processed by the process- 
ing unit (21). 

9. Apparatus according to any of the preced- 
ing claims, wherein one amplifying circuit is 35 
provided which scans across the article (22) 
transverse to the direction of motion of the 
article in use to produce signals which are then 
sequentially fed to the processing unit before 
being displayed. 40 

10. Apparatus according to any of claims 1 to 
8, wherein there Is a plurality of amplifying 
circuits, each having substantially the same 
gain when the capacitance of each of the 
respective capacitors is substantially equal; and 45 
a multiplexer (19) to which output signals from 

the amplifying circuits are sent. 

11. Apparatus according to claim 10, wherein 
the respective capacitors are positioned in a 

line transverse to the direction of movement of 50 
the article (22) in use. 

12. Apparatus according to claim 10 or claim 

11, when dependant on at least claim 2, the 
constant electrical potential (6) for each ampli- 
fying circuit being substantially equal. 55 

13. Apparatus according to any of claims 10 to 

12, wherein one set of respective capacitor 
electrodes (1) form a single, continuous elec- 
trode. 

14. Apparatus according to any of claims 2 to 60 

13, the apparatus further comprising a guard 
electrode (4) in close proximity to the capacitor 
electrode (3) connected to the inverting input 
(8) of the operational amplifier (9), wherein the 
guard electrode (4) is at substantially the same 65 


constant potential (6) as the non-inverting input 
(10) of the operational amplifier. 
15. Apparatus according to any of the preced- 
ing claims, wherein one electrode (3) of the 
capacitor is a matrix of electrode pads (31 ). 
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